As the hunting, butchering, processing, and consumption of bushmeat is a potential source of human Ebola virus infections, the extent to which bushmeat is a substitute for food produced in the formal market sector suggests that the relative price of formal non-bushmeat food could matter for the incidence of human Ebola virus infections. This paper considers if productivity in the formal food sector is a driver of human Ebola virus infections in Sub-Saharan Africa. We estimate count data specifications of country level human Ebola virus infections as a function of food sector productivity in Sub-Saharan Africa over the 1976 -2013 time period.
I. Introduction
Ebola virus (EV) hemorrhagic fever is a zoonotic disease transmitted by direct contact with infected live or dead animals and humans. First recognized in 1976 near the Ebola River in Congo-formerly Zaire-the EV has five known strains: Bundibugyo EV, Sudan EV, Tai Forest EV, Reston EV, and Sudan EV (Bausch and Schwarz, 2014) . While Reston EV originates in Asia, and is not known to cause human disease, the other four strains originate in Sub-Saharan Africa, are transmissible to humans, and have fatality rates of at least 50 percent (Pourrut et.al, 2005) . While there is no consensus on the ultimate source of EV, there is evidence that humans can get exposed and infected through the hunting, butchering, processing, and possibly consumption of wild animals-or bushmeat (Banerjee et.al, 2014; Beeching, Fenech and Houlihan, 2014; Brasheres et.al, 2004; Kamins et.al, 2011; Kilonzo, Stopka and Chomel, 2013; Mbete, et.al, 2011) .
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In general, bushmeat refers to food choices ranging from fruit bats to gorillas, and is a particular reference to dietary preferences/habits in Sub-Saharan Africa (Karesh and Noble, 2009) . A plausible causal human EV infection mechanism is one where a reservoir species such as infectious bats have contact with and infect other wild animals that are a source of bushmeat (Rizkalla et.al, 2007) , which are hunted, butchered, and processed for consumption by humans. The hunting, butchering processing, and consumption of bushmeat by humans involved in the bushmeat trade thus exposes them to the Ebola virus, and given infection, becomes a source of spreading it to other humans.
To the extent that informal bushmeat is a food choice that has consequences for human EV infections in Sub-Saharan Africa, if it is a substitute for other foods produced formally, the price of food in the formal sector can be a determinant of human EV infections. This is particularly true if bushmeat is a relatively cheap source of needed dietary protein, and is a substitute for sources of protein purchased in the formal food sector (Neilsen, 2006) . In general, if bushmeat and non-bushmeat are substitutes, a high (low) price of non-bushmeat relative to bushmeat will encourage (discourage) the hunting, butchering, processing and consumption of bushmeat, increasing (decreasing) the likelihood of human EV infections.
1 Leroy et.al (2005) report evidence consistent with fruit bats being a source or reservoir of EV in bat species that cover a geographical range in Sub-Saharan Africa where human and wild animal EV infections occur. More recent and similar evidence has been provided by Saez et.al (2015) .
As input productivity conditions market prices, which conditions food choices, this paper considers if productivity in the formal food sector is a driver of human EV infections in SubSaharan Africa. Any substitutability in consumption between bushmeat and non-bushmeat suggests that price-reducing productivity increases in the formal food sector could reduce the demand for bushmeat in Sub-Saharan Africa, and reduce human EV infections associated with the hunting, butchering, processing, and consumption of bushmeat.
Our inquiry contributes to the literature that considers the importance of food security for human welfare in Sub-Saharan Africa (Agbor and Price, 2014; Baro and Deuble, 2006; Conceicao et al., 2011; Rena, 2005; Kanayo, Maurice, and Emmanuel, 2012; Ozughalu and Ogwumike, 2013) . In our theoretical and empirical framework, the decision to consume bushmeat-a substitute for food produced in the formal sector-is conditioned on its relative price, which is a function of productivity in the formal food sector. As such, human EV infections are driven, at least in part, by input productivity in the formal food sector.
Increases in formal food sector productivity enhance food security and human welfare by increasing the relative price of bushmeat, which lowers the likelihood of human EV infections by reducing the hunting, butchering, processing and consumption of bushmeat.
The remainder of this paper is organized as follows. In the second section we provide a consumer choice framework for bushmeat and non-bushmeat demand where pricing in the formal food sector is a function of input productivity, human EV infection is a function of bushmeat demand, and pricing in the formal food sector is a function of input productivity.
The third section discusses the data and empirical methodology. As our Ebola data constitute count data and contain many zeros as a source of overdispersion, we utilize generalized, zero-inflated, and hurdle specifications of the relationship between aggregate country-level human EV infections and formal sector food productivity. In the fourth section, we report and discuss parameter estimates. The last section concludes.
II. A Consumer Food Choice Theory of Ebola Infections
To theoretically motivate our empirical estimates of the effects of formal food sector productivity on Ebola infections in Sub-Saharan Africa, we appeal to the evidence humans can get exposed and infected through the hunting, butchering, processing, and possibly consumption of bushmeat (Banerjee et.al, 2014; Beeching, Fenech and Houlihan, 2014; Brasheres et.al, 2004; Kamins et.al, 2011; Kilonzo, Mbete, et.al, 2011) As a dietary choice, the consumption of bushmeat appears to conform to the expectations of traditional demand theory as there is evidence that it is conditioned on its own price (East et.al, 2005; Mbete et.al, 2011; Morra, Hearn and Buck, 2009; Rentsch and Damon, 2013) , the price of substitutes (Wilkie and Godoy, 2001; Rowcliffe, Milner-Gulland, and Cowlishaw, 2005) , and income (Wilkie et.al, 2005) . Accordingly, we posit the existence of a formal and informal food sector, the latter in which bushmeat is hunted, butchered, and processed by informal producers that is purchased by consumers.
The demand for formal food and informal bushmeat are functions q f (p f , p b , y) and q b (p f , p b , y) respectively, where p f is the price of formal food, p b is the price of bushmeat, and y is individual consumer income. We assume that for consumers optimizing a twice differentiable utility function U = U (q f , q b ), formal food and bushmeat have negative own-price effects, are substitutes, and the substitution effect dominates the income effect.
2 The formal food production sector maximizes profit determined by π = p f Q f -cI, where π is profit, Q f is total formal food output, I is a composite input with cost c. In a given economy, A = f (Q b ), where A is the hunting, butchering, and processing of bushmeat, and Q b is aggregate bushmeat demand, with A > 0.
Economy-wide, or aggregate human EV infections are determined, at least in part, by
, where E is the total number of human EV infections and E > 0. Given the
. This specification of how human EV infections are determined recognizes that while human-to-human infections are plausibly the most prominent causal pathway of human EV infection, an initial animal-to-human infection is also necessary. Our specification of the human EV infection mechanism recognizes this by allowing the causal pathway to depend upon a nexus that links the hunting, processing and butchering of bushmeat-which exposes humans to infected animals increasing the likelihood of individual and human-to-human infection-to its consumption.
For the formal food production sector, profit maximization (∂π/∂Q f ) results in the first-
and from a
Slutsky decomposition of optimal formal food and bushmeat choices:
Proposition (Formal Food Sector Productivity, Food Consumption, and Human Ebola Virus Infections). If consumers choose between food produced in a formal market sector and informally produced bushmeat, if food produced in the formal market sector and bushmeat are substitutes, the number of human Ebola virus infections is inversely related to productivity in the formal food sector.
A proof of this proposition follows from optimal pricing in the formal food sector. The first-order condition can be simplified to
is the marginal productivity of the composite input I in the formal food sector, and η = dQ f /dp f ×p f /Q f is the price elasticity of demand. The market demand for
produced in the formal sector and bushmeat are substitutes.
The proposition theoretically supports a relationship between aggregate human EV infections and input productivity in the formal food sector. To the extent that bushmeat and non-bushmeat produced in the formal food sector are substitutes, increases (decreases) in the productivity of formal food sector inputs decrease (increase) the market price of formal sector food, which causes a decrease (increase) in the demand for bushmeat which decreases (increases) the likelihood of human EV infections. Below, we estimate empirical specifications of this relationship.
III. Data and Methodology
Our data are from two sources. Data on the number of human EV infections in Sub- in Sub-Saharan Africa. The preponderance of zero human EV infections, which inform our empirical specification, are also of value in our theoretical framework, as they are outcomes 3 The data, accessed on 10/21/14, are publicly available at www.cdc.gov/vhf/Ebola/outbreaks .
determined by favorable food productivity characteristics in a given country.
As our inquiry considers the relationship between human EV infections and food productivity, we use the 2014 World Development Indicators (WDI) as a source of several measures of a country's food production/consumption characteristics. 4 Our core measure of food productivity is the WDI measure of a country's food production index. This index, of which we measure as the annual growth rate, has a base year of 2004 -2006 , and measures annual growth in the marketed production of food-crops and livestock-that are considered edible and that contain nutrients, and it excludes coffee and tea are as they have no nutritive value. As only marketed production is measured, our measure of growth in food productivity captures growth newly produce output in a country's formal food sector.
We utilize two additional covariates from the WDI that matter for the production and consumption of food. As food demand is a function of income, we use the WDI measure of a country's gross domestic product per capita-measured as an annual growth rate. As imported food can substitute for the supply of domestically produced food, particularly during periods in which domestic formal food supplies are falling, we use the WDI measure of a country's ratio of food imports to total merchandise imports-measured as an annual growth rate. Lastly, as the Congo basin rainforest is a primary supply source for bushmeat (Fa, Currie, and Meeuwig, 2003) , we construct a binary variable equal to unity if a country is located within the Congo basin rainforest.
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Given that our dependent variable is integer-valued with a preponderance of zeros, as in Zorn (1998) our parameter estimates are based upon count data estimator specifications that recognize and account for a "dual regime"' nature of the process generating human EV infections within and across the countries in our sample. The rarity of human EV infections explains the preponderance of zeros, implying a no disease state regime that it is possible, with some probability, to transition to a regime where human EV infections exist. Count data estimators that explicitly recognize a zero regime, such as hurdle Poisson (Mullahy, 1986 ) zero-inflated Poisson (Lambert, 1992) , and zero-inflated Negative Binomial (Greene, 1994) , minimize or eliminate the bias in parameter estimates-or specification bias-that results from failing to account for overdispersion due to a preponderance of zeros. Suppose H i the number of human EV infections is distributed as a Poisson or Negative
Binomial random variable with mean λ i , let ψ i be the probability of a country making a transition to the nonzero state of human EV infections, and 1 -ψ i the probability that the country will not make the transition, a dual-regime count data estimator is based on:
or
where X i and Z i are exogenous variables, and exp
Estimating the parameters from (1) and (2) estimates for the X i that determine λ i , and L is the number of coefficient estimates for the Z i or "inflators" that determine the always zero regime, or the "hurdle's" that determine transition to the nonzero regime.
6 Our parameterization of a dual-regime count data estimator follows that of Long and Freese (2001) . For
. . N , the respective Poisson and Negative Binomial densities are:
where Γ is the Gamma distribution, and α is a dispersion parameter. the value of utilizing count data estimators that account for a preponderance of zeros, which from at least a normative perspective on human well-being-being disease-free-is desirable.
IV. Results
In addition to three dual-regime count data specifications, Table 2 reports parameter estimates from a Generalized Negative Binomial specification. Given the contagious nature of human EV infections-current period human EV infection counts are a function of previous period human EV infection counts-the variance is likely to exceed the mean, or overdispersion (Zorn, 1998). A Generalized Negative Binomial estimator permits an assessment of the source of the overdispersion by conditioning the dispersion parameter of the probability distribution on regressors that are believed to be the source of the overdispersion (King, 1989 ).
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As our data constitute observations on multiple Sub-Saharan African countries across multiple time periods-panel data-standard errors will be consistent as long as the regression residuals are uncorrelated across both countries and year. As this is unlikely to hold, similar to Thompson (2011) , we estimate all specifications with standard errors clustered in county-year groupings to account for both cross-sectional and time dependence in the dependent variable. Given that human EV infections are likely subject to positive contagion, both cross-sectional and time dependence is likely, and clustering standard on country-year groupings enables unbiased estimates of standard errors (Wooldridge, 2003) .
When relevant, the results in Table 2 report, to provide some measure of practical significance for the estimated parameters, the marginal effect of human EV infections with respect to an average one percent change in food productivity for both the nonzero and zero-regime 7 As a Negative Binomial random variable has a dispersion parameter (α), a Generalized Negative Binomial specification allows one to determine if the dispersion is a function of the same process governing the dualregime of zero allowing a parameterization of the dispersion as lnα =
portions of the estimated count data specification. Table 2 , the parameter estimates suggest that variations in food productivity is a source of overdispersion, as the food productivity parameter is negative and significant in the variance specification reported in the lower half of Table 2 . For the counts of human EV infections-reported in the top half of Table 2 -the food production index is negative and significant, suggesting that consistent with the theoretical proposition above, increases in food productivity reduce the number of human EV infections-even when the excess zeros are not explicitly accounted for, other than through their effect on overdispersion through the variance. The parameter estimate on the food productivity measure suggests that for a 1 percent increase in food productivity, the number of human EV infections would result in a total reduction of approximately 17 human EV infections, which constitutes approximately 7.5 percent of actual observed human EV infections in the sample.
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Columns 3 -4 of Table report dual-regime count data estimator parameter estimates, and given their AIC values, the Zero-inflated Negative Binomial, Zero-inflated Poisson, and Zero-hurdle Poisson specifications better approximate the true, but unknown populations model relative to the Generalized Negative Binomial parameter estimates. The marginal effects of the count data estimators, for either the zero count or zero-regime portions of the specifications, all appear to be of practical significance, as a 1 percent average increase in 8 All parameter estimates were enabled with STATA 13.0 . The Zero-Hurdle Poisson parameter estimates were enabled with the add-on module HPLOGIT available at http://fmwww.bc.edu/repec/bocode/h/hplogit.ado . 9 Marginal effects for both the nonzero counts and the zero-regime portions of the estimated specifications are measured at the mean value of all statistically significant regressors. The change in food productivity is measured at 1 percent higher than the estimating sample average.
food productivity, when it is statistically significant in the specification, are associated with a reduction in EV infection counts, or increasing the probability that a given country will have zero human EV infections.
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Across the specifications, the estimated parameters on the regressor other than food productivity also inform insights on human EV infections in Sub-Saharan Africa. Annual growth rate in gross domestic product is mostly negative in sign, suggesting that the demand for bushmeat falls as income per capita increases. The growth rate of food imports is mostly positive in sign, suggesting that at least for some households, falling domestic food production increases its price, encouraging substitution of bushmeat, which increases the hunting, butchering, processing and consumption of bushmeat leading to higher human EV infections. The estimated sign on the Congo rainforest covariate-measuring the supply of bushmeat-is both negative and positive across the specifications. However, in the specification with the lowest AIC, it is positive and statistically significant suggesting that a higher supply of bushmeat leads to higher human EV infections.
Among the count data specifications, the Zero-Hurdle Poisson parameter estimates has the lowest AIC, suggesting that this specification best approximates the true model that Africa as increases in food productivity have a favorable and dramatic effect on reducing the incidence of human EV infection.
V. Conclusion
Appealing to evidence that the hunting, butchering, processing, and consumption of bushmeat is a potential source of human EV infections and a theory of consumer food choice in which food produced in the formal sector and bushmeat are substitutes, this paper considered if productivity in the formal food sector is a driver of human EV infections in Sub-Saharan Africa. We estimated count data specifications of country-level human Ebola virus infections as a function of food sector productivity for Sub-Saharan Africa over the 1976 -2013 time period. Our parameter estimates suggest that if productivity in the formal food sector was on average 1 percent higher over the 1976 -2013 time period, the incidence of human EV infection would have been 42.5 percent lower. This suggests that for Sub-Saharan Africa, productivity in the formal food sector is a driver of human EV infections.
Our findings underscore the importance of food security to human welfare in Sub-Saharan Africa (Agbor and Price, 2014; Baro and Deuble, 2006; Conceicao et al., 2011; Rena, 2005; Kanayo, Maurice, and Emmanuel, 2012; Ozughalu and Ogwumike, 2013) . To the extent that food productivity fails to grow over time, falls, or lags behind population growth in SubSaharan Africa, our results suggest that human welfare will be compromised not only by malnutrition, but by human EV infections. As increased food productivity appears to have been a major catalyst of growth in human welfare over the past 300 years, (Fogel and Costa, 1997) , that it can also possibly reduce the incidence of human EV infections suggest that policy interventions which lead to improved food security through improved productivity would catalyze further improvements in human welfare in Sub-Saharan Africa. 
